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= (54) Title: A PROBE FOR USE IN COMPUTER ASSISTED SURGERY 




^ (57) Abstract: A probe for generating position data for use in computer assisted surgery has a handle and a shaft extending from 
^ the handle. A tip having a distal end for contacting an object to indicate the position of the object is attached to the shaft. A sensor 
which can respond to external electromagnetic fields for generating position data with multiple degrees of freedom is located within 
^ the shaft or the tip towards the distal end of the shaft or tip. 
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A PROBE FOR USE IN COMPUTER ASSISTED SURGERY 

The present invention relates to a probe for generating position data for use in computer 
assisted surgery. 

It has been proposed to use a computer system during surgery to assist a surgeon in 
5 navigating instruments or implants. In order for the computer system to be of use it is 

necessary for it to be able to build a model of particular part of the anatomy which is to be 
operated on. In order to generate such a model, it is known to use a position sensing probe. 
The probe is used to contact surfaces of the patient's tissue, anatomy or bone. Information 
about the location of the probe then provides information about the configuration of the 
10 surface. 

Probes have been proposed which calculate the position of a tip of a probe using visible 
light or infrared radiation which is reflected or transmitted from markers provided on the 
handle of the probe. The positions of the markers on the handle of the probe are known 
and therefore the position and orientation of the probe handle can be calculated from the 
1 5 information about the positions of the markers and their relative orientation. The probe tip 
is at a fixed position relative to the handle, and its position can therefore be calculated from 
the position and orientation of the handle. 

These probes have the disadvantage that the markers must remain visible to cameras in the 
vicinity of the operating table. In use there may be an obstruction, such as an surgeon's 
20 arm, which restricts view of the markers and preventing position information from being 
obtained. 

US-A-2004/0068 1 79 discusses a registration pointer for registering surfaces of bodily 
elements. The pointer includes a detectable device having three retro-reflective spheres. 
The spheres are arranged in a predetermined pattern and can be used to calculate the 
25 position of the tip of the pointer. It is possible to attach two different tips. When a tip is 
changed the relative position of the detectable device and the tip needs to be calibrated. 
After the tip has been changed, it is necessary for a user to instruct the software that the tip 
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has been changed, or for a predetermined pattern to be traced before the pointer can be 
used. This can introduce user error, for example the user could enter a wrong tip 
configuration. It can also introduce extra complexity to the surgical procedure, for 
example tracing a predetermined pattern every time the pointer is used. 

Systems using electromagnetic fields to obtain position have also been proposed. A 
position sensor in the handle of a probe senses the position using currents induced by an 
electromagnetic field. This overcomes the problem of requiring a line of sight to the 
handle. The presence of metal object in the operating theatre (notably, the operating table) 
can interfere with the electromagnetic field. 

The present invention provides a probe in which a position sensor is mounted within the 
shaft or tip of the probe. By placing the position sensor in the shaft or tip it can be located 
close to the end of the tip and therefore remain within the usable field generated by a local 
position transmitter which operates with a low magnetic field. 

Accordingly, in one aspect, the present invention provides a probe for generating position 
data for use in computer assisted surgery, which comprises: 
a handle; 

a shaft extending from the handle; 

a tip attached to the shaft, the tip having a distal end for contacting an object to 
indicate the position of the object; and 

a sensor responsive to external electromagnetic fields for generating position data 
with multiple degrees of freedom; 

wherein the sensor is either located within the shaft towards the distal end of the 
shaft or located within the tip. 

The sensor is located within the shaft or tip to ensure that it will be within the usable field 
generated by a local position transmitter. The position of the distal end of the tip relative to 
the sensor in the shaft can be calculated because position data in multiple degrees of 
freedom can provide information as to both the position and the orientation of the probe. 
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Locating the sensor close to the tip of the probe means that, when the probe is manipulated 
to contact surfaces of the patient's tissue, anatomy or bone, the volume within which it 
moves is less than would be the case if the sensor is mounted in the handle. This can allow 
a signal to be generated by the sensor during movement within a low strength magnetic 
field such as might be provided by a local field generator. It can also help to improve the 
accuracy of position data which is generated using the sensor. 

Preferably the distance from the distal end of the tip of the probe to the sensor is not more 
than about 150 mm, more preferably not more than about 125 mm, especially not more 
than about 100 mm. (This measurement is taken to the middle of the sensor.) When the 
tip is curved the distance is measured directly between the tip and the sensor. 

Preferably the ratio of the distance from the distal end of the tip of the probe to the sensor 
to the distance from the distal end of the handle to the sensor is not more than about 0.5, 
more preferably not more than about 0.3. 

Preferably the shaft has a constant cross-section at least over the portion of its length 
between the handle and the sensor. Preferably the transverse dimension of the shaft (which 
will be its diameter when the shaft has a circular cross-section) is not more than about 
12 mm, more preferably not more than about 10 mm, and especially not more than about 
8 mm. This allows the probe to be used in minimally invasive surgery where the shaft of 
the probe is required to fit into spaces which are limited as a result of the incision being 
small. The cross-section may be of any suitable shape, for example circular, elliptical, 
rectangular or square. It is however preferred to use a circular or square cross-section. In 
the case of a circular cross section, the transverse dimension is the diameter. In the case of 
a square cross-section, the transverse dimension is the side of the square. 

The cross-section of the shaft can vary along its length. For example, there might be a 
tapered transition between the handle and the shaft, or the shaft might be tapered along a 
significant proportion of its length between the handle and the sensor. In this case, the 
shaft will be considered to be that part of the probe in which the transverse dimension is 
less than one or more of the limits referred to above. 
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In some embodiments of the invention, the interface between the handle and the shaft may 
not be immediately clear. In general, the shaft is considered to commence at a point where 
a user could not easily hold the probe, especially when the transverse dimension of the 
probe is less than one or more of the preferred limits specified above. 

The shaft and the handle may be formed as separate pieces and bonded using a friction or 
interference fit, or by bonding (including welding, especially by ultrasonic welding), for 
example using an adhesive. 

The shaft, handle and tip can be formed from a variety of materials. The tip and the shaft 
can be formed from a polymer such as a nylon, or a polyester, or a polyolefm, or a poly- 
etheretherketone (PEEK), or a polyphenylene ether or a high impact polystyrene. The 
polymer can be reinforced by fibres, for example glass fibres or carbon fibres. The handle 
may also be formed from PEEK. The handle or the shaft or both can be also be formed 
from metal. Examples of suitable metals might include titanium and certain of its alloys. 
The tip and the shaft can be made from the same materials or from different materials. 
Factors which will affect the choice of materials might include any adverse effect on the 
electromagnetic field that is received by the sensor, any adverse effect on any signal that is 
generated by the sensor, and the mechanical properties that are required of the probe. 

The shaft and handle can be formed as a single component. The shaft, handle and tip can 
be formed as a single component. The shaft and tip can be formed as a single component 

Preferably, the sensor is contained in a bore within the shaft. This allows the sensor to be 
protected by the shaft itself during cleaning of the probe. It also allows the sensor to be 
securely positioned within the bore, for example by a friction fit or by adhesive. Prefer- 
ably, the bore in the shaft is closed at the end to which the tip is attached. For example, the 
bore can be formed by machining from the end which is opposite to the end to which the 
tip is attached. Alternatively, the shaft can be formed with a bore which extends along the 
entire length, and be closed at the end to which the tip is attached, for example by means of 
a plug. The sensor should be fastened securely in the shaft against movement. It can be a 
tight press fit in the shaft. It can be secured in place in the shaft by means of a bonding 
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material such as an adhesive, or by locally heating the material of the shaft to cause it to 
soften. 

Alternatively, the sensor may be contained in a bore with the tip. This allows the sensor to 
be easily replaced along with the tip. This is useful if the sensor has a limited operating 
life. For example, the sensor may be designed to be used for a single operation, or for a 
predetermined time span.before it is replaced to ensure the accuracy of the system. 

The sensor may be a Hall effect device, coils, or other antennae which can be contained in 
the shaft. An example of a suitable coil sensor is disclosed in US-A-2003/0120150 
(Govari). The disclosed sensor includes at least one sensing coil which can generate a 
signal when it moves within an electromagnetic field transmitted by a local transmitter. 
The disclosed coil sensor is able to provide position information in multiple degrees of 
freedom, including up to six degrees of freedom. It can be preferred for the probe of the 
present invention to provide position information in six degrees of freedom, although less 
detailed information can be appropriate for some applications, for example at least three 
degrees of freedom, preferably at least four degrees of freedom, more preferably at least 
five degrees of freedom. 

Preferably, the instrument combination of the invention is used as part of a tracking system 
which uses a local magnetic field generator, provided on a pad which is adapted to be 
affixed to a surface of the body of the patient. The pad can include a plurality of concentric 
orthogonal magnetic field generating coils. A driving antenna can be provided to radiate a 
radio frequency (RF) electromagnetic field. The pad can include a power coil which is 
coupled to receive the RF electromagnetic field and thereby to provide power for 
generating the magnetic field. Alternatively, the pad can include an internal power source 
to provide power for generating the magnetic field. It can however be particularly 
preferred for the pad to be connected by means of conductors to a source of electrical 
power. 

A local magnetic field generator which is provided on a pad can be used in conjunction 
with a position sensor which is implanted in a patient's body, to provide information about 
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the patient, in particular as to the location and orientation of the part of the body in which 
the sensor is implanted. 

Tracking systems which comprise a pad on which a magnetic field can be generated and at 
least one position transducer are disclosed in US-A-2005/0245821 . Subject matter that is 
disclosed in the specification of that patent application is incorporated in this specification 
for all purposes by these references. 

The probe may include an ADC (Analogue-to-Digital Converter) for digitising the output 
of the sensor. The probe may also be hard wired for output to a computer system. In that 
case either an analogue or a digital signal may be transmitted over the wires. If an 
analogue signal is used, no ADC is required. 

Preferably, the probe includes a processor for processing the output of the ADC using 
predetermined calibration data of the position of the distal end of the tip relative to the 
sensor to calculate the position of the distal end of the tip, and for outputting position data 
of the distal end of the tip. 

Calibration can be carried out at the point of manufacture. This allows the probe to be used 
with any system without requiring local calibration. It is possible to determine the position 
of the distal end of the tip, even the tip is curved away from the axis of the shaft because 
the position and orientation of the sensor is known to the required degrees of freedom. The 
processor may be implemented as a discrete component or integrated with the ADC. 

Depending on the degree of miniaturisation of the processor, it may be included in the shaft 
with the sensor, or located in the handle. 

The processor may be powered in a number of ways. For example, it may be powered by 
inductive coupling with an external electromagnetic field, by batteries or through a wired 
link if one is present. 
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Preferably, the processor is adapted to monitor the location of the sensor relative to the 
distal end of the tip and the position of the distal end of the tip. In one embodiment, the 
processor transmits the position data when the distal end of the tip remains in the same 
position and motion of the sensor relative to the tip is detected. In another embodiment the 
system in which the probe is used receives position data on both the sensor and the distal 
end of the tip and stores or analyses data when movement of the sensor relative to the tip is 
detected. This allows a user to indicate when the distal of the tip is in a predetermined 
position. For example, by simply moving the handle while maintaining the distal end of 
the tip in the correct position, the system can be programmed to store or analyse data 
relating to the position of the tip. This has the advantage that no external switch is required 
to inform a system that the tip is in the correct position. The construction of the probe is 
therefore simplified. 

Optionally, the probe may further comprise a switch connected to an input of the processor. 
In one embodiment operation of the switch by a user causes the probe to output the current 
position data. This allows the position to be stored and analysed at the command of the 
user when the probe in the correct position. 

Preferably, the probe further comprises a power source and a transmitter for transmitting 
the position data wirelessly. Preferably, the transmitter is contained within the handle. The 
power source may be a battery contained within the handle. The probe may also comprise 
an output socket for outputting position data over a wired connection. 

Magnetic fields in the vicinity of an object being tracked can be distorted by the presence 
of metal or other magnetically-responsive articles. For example, in a typical surgical 
environment, there can be a substantial amount of conductive and permeable material, 
including basic and ancillary equipment (operating tables, carts, movable lamps, etc.), as 
well as invasive surgery apparatus (scalpels, scissors, etc). The magnetic fields produced 
by the field generator coils may generate eddy currents in such articles, and the eddy 
currents then cause a parasitic magnetic field to be radiated. Such parasitic fields and other 
types of distortion can lead to errors in determining the position of the object being tracked. 
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In order to alleviate this problem, the elements of a tracking system and other articles used 
in the vicinity of the tracking system are typically made of non-metallic materials when 
possible, or of metallic materials with low permeability and conductivity. In addition, a 
system controlling computer might be programmed to detect and compensate for the effects 
5 of metal objects in the vicinity of the surgical site. Suitable methods for such detection and 
compensation are disclosed in US-6 147480, US-6373240, US-A-2004/0240240 and 
US-A-2005/0024043. Subject matter that is disclosed in the specification of those patents 
and patent applications is incorporated in this specification for all purposes by these 
references. 

10 The tip may have a variety of configurations, depending on the particular application which 
it is intended for use with. The tip may be tapered towards its distal end. It may be straight 
or curved. The distal end of the tip may be rounded, possibly shaped as a ball, or partial 
sphere, with a diameter larger than the diameter of the tip immediately before the distal 
end. 

15 In the event that a curved tip is used the calculation of the position of the distal end of the 
tip must take into account the offset from the axis of the shaft. Knowledge of the 
orientation of the shaft to more than one degree of freedom is then required. This is 
because information as to the rotational orientation of the shaft is required in addition to 
information as to the direction in which the shaft is pointing. In this case the offset from 

20 the sensor is expressed as a vector to convey information of the offset from the axis. 

Preferably, the material of the shaft is selected so that the deflection of the tip of the shaft 
relative to the sensor during normal use is limited to a maximum of about 0.5 mm, more 
preferably about 0.1 mm, especially about 0.05 mm. By choosing the tip having an 
appropriate bending stiffness, the moments exerted on the tip are unlikely to give rise to 
25 significant inaccuracy during use due to deflection of the tip. 

Preferably, the tip is removably attached to the shaft. During the lifetime of the probe, the 
tip may become damaged. However, the tip itself contains little, if any, electronic 
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components, unlike the shaft and possibly the handle. If the tip can be replaced the probe 
can easily be repaired without requiring replacement of the whole probe. 

In one embodiment, the tip and the shaft each comprise respective keyed engagement 
means for ensuring that the tip is installed in a predetermined orientation relative to the 
shaft. If the distal end of the tip is offset from the axis of the shaft, and the sensor is 
contained in the shaft, it is important the tip is replaced in the same orientation to avoid any 
requirement to re-calibrate the probe. The keyed engagement means, which may be a 
protrusion and corresponding recess, ensure that the tip can only be replaced in the correct 
orientation. Replacement of the tip can therefore be carried out easily by a user. 

In one embodiment, at least two tips are provided for attachment to the shaft, and each of 
the at least two tips has a geometry such that, when installed on the shaft, the distal end of 
the tip is in the same relative position and orientation relative to the sensor. This allows 
the use of different tips, for example a tip having a pointed distal end and a tip having a 
hemispherical distal end, without requiring the calibration of the distal end of the tip 
relative to the sensor to be updated when the tip is changed. There is therefore no need for 
the pointer to be recalibrated every time the tip is changed as discussed in 
US-A-2004/0068179, reducing the possibility of error. 

Preferably, the tip is part of a replaceable part. At least a part of the shaft may also form 
part of the replaceable part. 

In one embodiment, the replaceable part comprises a circuit for storing calibration data of 
the position of the distal end of the tip relative to the sensor. The circuit may comprise 
signal conditioning and amplification components. The sensor may be located within the 
tip or within the shaft. It is therefore possible for the tip to provide calibration data 
automatically, without requiring recalibration every time the tip is changed, or a differently 
shaped tip is attached, reducing the possibility of error. A further advantage is that the 
calibration data stored in the circuit could be calculated and stored during manufacture, 
removing the need for a user to carry out any calibration of the probe in use. 
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In another embodiment, the replaceable part comprises a passive electronic component 
having an electrical characteristic with a predetermined value; wherein the electrical 
characteristic is for indicating the geometry or configuration of the tip. The passive 
electronic component may be, for example, a resistor (in which case the electrical 
5 characteristic is resistance) or a capacitor (in which case the electrical characteristic is 
capacitance). For example, if a resistor is used, various predetermined values of the 
resistance of the resistor can be used to indicate the geometry or configuration of the tip. In 
this embodiment, information on the geometry of the tip can be communicated to the 
processor with low cost and complexity. 

l o In another embodiment, predetermined physical arrangement of electrical contacts is 
provided on at least a part of a surface of the replaceable part, and wherein the 
predetermined physical arrangement is for indicating the geometry or configuration of the 
tip. 

In another embodiment, the replaceable part is attached by a keyed engagement, and 
1 5 wherein the physical configuration of the keyed engagement is for indicating the geometry 
or configuration of the tip. 

In a further aspect, a probe instrument kit is provided. The instrument kit comprises a 
probe wherein the tip is part of a replaceable part. At least two replaceable parts are 
provided, each replaceable part having a different geometry or configuration of the tip. 
20 The kit can provide several different tip geometries or configurations to different 

applications. When the replaceable part is changed, it may be possible for the geometry, 
configuration or calibration data to be determined automatically, for example by the 
embodiments described above. 



25 



In another aspect, the invention provides a system for sensing the position of a probe for 
use in computer assisted surgery, the system comprising: 
a probe as discussed above; and 
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at least one local position transmitter for generating an electromagnetic field 
which has a field strength of not more than about 7.5milliGauss at 200mm from the at least 
one position transmitter; 

wherein the probe outputs position data relative to the at least one position 
transmitter. 

Embodiments of the invention will now be described by way of example only with 
reference to the accompanying drawings, in which: 

Figure 1 is a plan view of a probe according to an embodiment of the present 
invention; 

Figure 2 is a cross-section along line A-A in Figure 1; 

Figure 3 depicts a perspective view of a probe according to another embodiment 
of the present invention; 

Figure 4 A and 4B depict perspective views of interchangeable parts for use with 
the probe of Figure 3; 

Figure 5 depicts the interchangeable part of Figure 4 A from an alternate 
viewpoint, illustrating the connection features; 

Figure 6 is a diagrammatic representation of the electronic system used in the 
embodiment of Figure 3. 

Figure 1 depicts a plan view of a probe 1 according to an embodiment of the present 
invention. The probe generally comprises a handle 2, a shaft 4 and a tip 6. One end of the 
shaft 4 is ultrasonically welded into a bore in the handle. The tip is attached to the other 
end of the shaft 4 by a friction fit. The handle is 125mm long and the combined length of 
the shaft and the tip is 1 10 mm. The shaft has a circular cross section with a diameter of 
6.5 nun to enable use of the probe in minimally invasive surgery. The handle, shaft and tip 
are all constructed from highly rigid materials. In this embodiment glass- or carbon- 
reinforced polyetheretherketone (PEEK) is used for the shaft 4 and tip 6, with non- 
reinforced PEEK being used for the handle 2. This construction gives the tip a suitably 
high bending stiffness so that the deflection of the tip under normal use conditions is not 
more than about 0.05 mm. Other suitable, rigid materials may also be used. 
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As can be seen in the cross-section depicted in Figure 2, a position sensor 8 is fixed within 
a bore in the shaft 4. The position sensor comprises three coil elements for sensing a 
position within an external electromagnetic field. The dimensions of the position sensor 
are 3.5 mm wide by 3.5 mm high by 13.5 mm long, enabling it to fit within the 6.5 mm 
diameter shaft of this embodiment. 

As can be seen in figure 2, the distal end 14 of the tip 6 is offset from the longitudinal axis 
of the shaft 4. The distal end 14 of the tip 6 is generally hemispherical with a diameter of 
2 mm. This allows a user to access parts of the anatomy more easily with good accuracy 
during a minimally invasive procedure. 

Referring again to Figure 2, the shaft includes a conduit 10 which runs from the position 
sensor 8 to a cavity 12. Connecting wires from the position sensor 8 are routed through the 
conduit 10 to the cavity 12 where they are connected to processing circuits (not illustrated). 
Also contained with the cavity 12 is a transmission circuit (not illustrated) for transmitting 
the position data. A power source 16, which is a disposable battery in this embodiment, is 
provided at the proximal end of the handle 2. The power source 16 can be replaced by a 
user by removing a cover 18. 

The processing circuits comprise an Analogue-to-Digital convertor and a processor. The 
processor may be a general purpose processor, a Application Specific Integrated Circuit 
(ASIC), a programmable Digital Signal Processor (DSP), or any suitable alternative. The 
analogue signal from the elements of the position sensor 8 is converted to a digital value by 
the ADC and supplied to the processor which can then calculate the position of the position 
sensor 8 and also the distal end 14 of the tip 6. 

The probe is calibrated with the precise distance between the position sensor 8 and the 
distal end 14 of the tip 6 before it is delivered to the user. This calibration can be carried 
out by placing the probe in a predetermined orientation with the tip in a predetermined 
position. A electromagnetic field .from transmitters located at known positions is then 
applied. The relative position of the position sensor and the distal end of the tip can then 
be calculated because the only unknown is the location and orientation of the position 
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sensor. The calibration data is stored within a non-volatile memory which can be accessed 
by the processor. 

The probe is used in a system in combination with at least one local position transmitter in 
the operating area. The local position transmitter generates an electromagnetic field which 
5 induces currents in the elements of the position sensor 8. The strength of the field is 

relatively low, less than 7.5 milliGauss at 200mm from the local position transmitter. This 
is not sufficient to induce currents accurately in the position sensor 8 and limits use of the 
probe to situations where the position sensor is within approximately 200mm of the local 
position transmitter. 

10 The currents are processed by the processor to calculate the position of the position sensor 
8 relative to the local position transmitter. The processor then applies the offset determined 
by the calibration process to calculate the position of the distal end 14 of the tip. 

During computer assisted surgery the probe 1 of this embodiment is used by a surgeon to 
determine the position of an anatomical feature so that the computer can create a computer 

15 model of the anatomy. The computer will provide an indication to the surgeon of which 
anatomical part should be located (for example by using a display screen). The surgeon 
then places the distal end 14 of the tip 6 of the probe 1 on that part. During this procedure 
the processor is monitoring the position of the distal end 14 of the tip 6 and the sensor 8. 
When the probe is in the correct position, the surgeon wobbles or moves the handle of the 

20 probe 1 but maintains the distal end 14 of the tip 6 in the same position. The processor 

detects that the sensor 8 is moving but that the distal end 14 of the tip 6 is remaining in the 
same position and transmits the position of the distal end 14 of the tip 6 using the 
transmitter. 

A number of points can be identified in this way to enable a complete model to be built up. 
25 It is also possible to move the distal end 14 of the tip 6 over a bone surface to generate a 
model of the bone surface variations. 
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The tip 6 contains no electronic components and may be replaced by a user if it becomes 
damaged during use of the probe. However, care must be taken to ensure that the tip 6 is 
replaced in the same orientation otherwise the probe will need to be re-calibrated. 

The specific dimensions given in the above embodiment are given by way of example in 
5 respect on one embodiment and may be varied depending on the particular surgical use 
which is intended of the probe. For example the shaft and tip length may be increased or 
decreased depending on how close to an incision the tip of the probe is required to move. 

In an alternate embodiment (not illustrated) the tip and the shaft include corresponding 
keyed engagement means. This ensures that the tip and the shaft are always correctly 
1 0 aligned and enables the tip to be replaced without requiring re-calibration of the probe. 
The engagement means may be a shaft without rotational symmetry engaging a 
corresponding recess. Alternatively the engagement means could be a protrusion on the 
edge of shaft to engage with a recess in the side of a bore sized to receive the shaft. 

In an alternate embodiment (not illustrated) a press switch is provided on the handle of the 
1 5 probe. The press switch is connected to an input of the processor. When a user presses the 
press switch, the processor transmits the current location of the distal end of the tip. 
Alternatively, the processor may transmit that the button is pressed so that the system 
knows to store or analyse the current position of the tip. A user can then easily trace a bone 
profile by holding the switch and moving the distal end of the tip over the bone. 

20 In another alternate embodiment (not illustrated) a socket is provided in the handle for 

receiving a wired connection to the computer. The socket is connected to an output of the 
processor which outputs the position data of the distal end of the tip. This socket can be 
used in situations where a wireless link is inappropriate, or where the computer is not 
equipped to receive wireless data. 

25 In a still further alternate embodiment depicted in Figure 3, which is the same as the first 
embodiment, save as described below, the tip and the shaft form a first replaceable part 20 
which is removably attached to the handle 22. The position sensor is located in the 
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replaceable part 20 and not in the handle 22. Figure 3 also depicts a second replaceable 
part 24 with a tip 26 and a third replaceable part 25 with a tip 27. 

Figures 4A and 4B depict the replaceable parts when removed from the handle 22. Both 
replaceable parts 20 and 24 include the same physical connector 30 on their proximal end. 
The connector 30 comprises a generally cylindrical section 32 extending proximally. The 
cylindrical section has a diameter chosen to be slightly less than the diameter of a 
corresponding generally cylindrical recess (not shown) formed at the distal end of the 
handle 22. To ensure a secure connection between the replaceable part 20, 24 and the 
handle 22, a distally extending recess 34 forming part of a bayonet connection system is 
provided in the cylindrical section 32. Although Figures 4A and 4B depict one recess 34 
due to the view point chosen, there are preferably two recesses provided substantially 
opposite each other on the cylindrical section 44, as can be seen in Figure 5. The recess 34 
has dimensions chosen to receive a corresponding protrusion formed within the generally 
circular recess provided in the handle 22. Although a bayonet connection system has been 
described, other systems such as a screw fit or press fit may also be used. 

As can be seen from Figure 3, the offset of the tip 26 of the second replaceable part 24 
from the axis of the replaceable part is different from that of the tip 28 of the first 
replaceable part. Likewise the length of the third replaceable part 25 is greater than the 
length of the second replaceable part 24, so that the location of the tip 26, 27, 28 will 
depend on which replaceable is connected to the handle. The calibration of the pointer will 
therefore be different depending on which replaceable part is installed. The nature of the 
replaceable part in this embodiment is determined by an electrical connection between the 
handle 22 and the replaceable part 20, 24. 

Figure 5 is a perspective view of replaceable part 24 showing electrical contacts or 
terminals 36 provided on the proximal end of the generally cylindrical section 32. 
Corresponding electrical contacts or terminals 36 are provided in the cylindrical recess of 
the handle 22, so that, when the replaceable part is attached to the handle 22, an electrical 
connection to components within the replaceable part is provided via terminals 36. 
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Figure 6 is a functional block diagram of the electronic systems used in the embodiment of 
Figure 3, illustrating which systems are contained in the replaceable part and the handle. 
The connection interface through terminals 36 is represented by the dashed line 38. Box 
40 represents the replaceable part and box 42 represents the handle. Within the replaceable 
5 part are one or more sensor coils 44 for sensing the position relative to an external 

electromagnetic field. The replaceable part also comprises a pre-amplifier 46, a calibration 
data storage circuit 48, an optional tip profile configuration data storage circuit 50 and an 
optional temperature sensor 52. The storage circuits may be any kind of non-volatile 
storage, for example ROMs or Flash memory. If the storage circuit can be updated, such as 
10 Flash memory, it can be updated during manufacture or by a user based on the individual 
configuration of each replaceable part. More specifically, manufacturing tolerances may 
mean that the position of the sensor coils 44 relative to the distal end of the tip is not 
always exactly the same, and in that case the calibration data can correspond exactly to the 
manufactured configuration. 

15 The handle 22 receives data from the replaceable part via the connection interface 38. The 
handle contains a Digital Signal Processor 54, Amplifiers 56 and Analog to Digital 
Converters 58 for processing the data received from the replaceable part. The handle also 
contains the power source 60 (power is provided to the electronic systems in the 
replaceable part by the handle via the connection interface 38). A communication 

20 transceiver 62 for wireless and/or wired communication with a computer system or data 
processing equipment is also contained within the handle. In this embodiment, the handle 
also includes an optional acceleration sensor 64 and temperature sensor 66. 

Whenever the replaceable part attached to the handle is changed, the calibration and tip 
configuration data is read by the handle from the replaceable part automatically. There is 
25 therefore no need for user input to inform the system of the change, reducing the possibility 
of user error and improving the ease of use of the system. 

In an alternative embodiment (not illustrated), which is the same as the embodiment of 
Figure 3 save as described below, a passive component, such as a resistor or capacitor, may 
be provided in the tip instead of the storage circuit for calibration data. The value of the 
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passive component, for example its resistance or capacitance, is detected through the 
connection interface 38. The processor in the handle, or the connected computer system 
can then interpret the value of the component to determine the geometry of the replaceable 
part and hence the calibration data to use. In this embodiment predetermined calibration 
5 data has already determined and stored for each geometry of the replaceable part. 

In another alternative embodiment (not illustrated), which is the same as the embodiment 
of Figure 3 save as described below, a predetermined physical arrangement of electrical 
contacts is provided on the replaceable part. When the replaceable part is connected to the 
handle, the arrangement is detected, for example by determining whether particular 
10 terminals provided on the handle are electrically connected. The processor in the handle, 
or the connected computer system can interpret the arrangement to determine the geometry 
of the replaceable part and hence the calibration data to use. In this embodiment 
predetermined calibration data has already been determined and stored for each geometry 
of the replaceable part. 

15 -In other alternate embodiments, the connection between the handle and the replaceable part 
may be located at any point of the shaft between the tip and the shaft. At one extreme this 
will mean that only the tip is replaceable. At the other extreme, it will mean the entire tip 
and shaft is replaceable. 

In further alternate embodiments the shaft may have a non-circular cross section, such as a 
20 square cross section. 



The features of the various alternate embodiments may be combined with each other. 
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CLAIMS : 

1 . A probe for generating position data for use in computer assisted surgery, which 
comprises: 

a handle; 

a shaft extending from the handle; 

a tip attached to the shaft, the tip having a distal end for contacting an object to 
indicate the position of the object; and 

a sensor responsive to external electromagnetic fields for generating position data 
with multiple degrees of freedom; 

wherein the sensor is either located within the shaft towards the distal end of the 
shaft or located within the tip. 

2. A probe according to claim 1, wherein the sensor is contained in a bore within the 
shaft or within the tip. 

3. A probe according to claim 1, wherein the transverse dimension of the shaft is not 
more than about 12 mm 

4. A probe according to claim 1, further comprising an ADC for digitising the output 
of the sensor. 

5. A probe according to claim 4, further comprising a processor for processing the 
output of the ADC using predetermined calibration data of the position of the distal end of 
the tip relative to the sensor to calculate the position of the distal end of the tip, and for 
outputting position data of the distal end of the tip. 

6. A probe according to claim 5, wherein the processor is adapted to monitor the 
location of the sensor relative to the distal end of the tip and the position of the distal end 
of the tip. 
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7. 



A probe according to claim 1, which includes a switch connected to an input of 



the processor. 



8. A probe according to claim 1, which includes a power source and a transmitter for 
transmitting the position data wirelessly. 



9. 



A probe according to claim 8, wherein the transmitter is contained within the 



handle. 



1 0. A probe according to claim 1 , which includes an output socket for outputting 
position data over a wired connection. 

11. A probe according to claim 1 , in which the tip is removably attached to the shaft 

12. A probe according to claim 1 1, in which the tip and the shaft each comprise 
respective keyed engagement means for ensuring that the tip is installed in a predetermined 
orientation relative to the shaft. 

13. A probe according to claim 1 1, wherein at least two tips are provided for 
attachment to the shaft, and each of the at least two tips has a geometry such that, when 
installed on the shaft, the distal end of the tip is in the same relative position and 
orientation relative to the sensor. 

14. A probe according to claim 1, wherein the tip is part of a replaceable part. 

15. A probe according to claim 14, wherein the replaceable part comprises a circuit 
for storing calibration data of the position of the distal end of the tip relative to the sensor. 

1 6. A probe according to claim 1 4, wherein the replaceable part comprises a passive 
electronic component having an electrical characteristic with a predetermined value; 
wherein the electrical characteristic is for indicating the geometry or configuration of the 
tip. 
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17. A probe according to claim 14, wherein a predetermined physical arrangement of 
electrical contacts is provided on at least a part of a surface of the replaceable part, and 
wherein the predetermined physical arrangement is for indicating the geometry or 
configuration of the tip. 

1 8. A probe according to claim 14, wherein the replaceable part is attached by a keyed 
engagement, and wherein the physical configuration of the keyed engagement is for 
indicating the geometry or configuration of the tip. 

19. A probe instrument kit comprising a probe according to any one of claims 14 to 
1 8, wherein at least two replaceable parts are provided, each replaceable part having a 
different geometry or configuration of the tip. 

20. A system for sensing the position of a probe for use in computer assisted surgery, 
the system comprising: 

a probe according to claim 1; and 

at least one local position transmitter for generating an electromagnetic field 
which has a field strength of not more than about 7.5milliGauss at 200mm from the at least 
one position transmitter; 

wherein the probe outputs position data relative to the at least one position 
transmitter. 



WO 2006/090141 



PCT/GB2006/000616 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



WO 2006/090141 



PCT/GB2006/000616 




SUBSTITUTE SHEET (RULE 26) 



WO 2006/090141 



PCT/GB2006/000616 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No 

PCT/GB2006/000616 



A. CLASSIFICATION OF SUBJECT MATTER 

INV. A61B19/00 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

A61B 



Documentation searched other than minimum documentation to the extent that such documents are included tn the fields searched 



Electronic data base consulted during the International search (name ot data base and, where practical, search terms used) 

EPO-Internal 



C. . DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 2003/069588 Al (VILSMEIER STEFAN ET AL) 
10 April 2003 (2003-04-10) 
paragraph [0013]; figure 1 

WO 2004/107959 A (SCHAERER MAYFIELD USA, 
INC; WARSCHEWSKE, UDO; REINWALD, 
KARL-HEINZ) 16 December 2004 (2004-12-16) 
abstract; figures 1,2 

US 2003/160721 Al (GILBOA PINHAS ET AL) 
28 August 2003 (2003-08-28) 
abstract; figure 2a 

US 2004/068179 Al (JUTRAS SEBASTIEN ET AL) 
8 April 2004 (2004-04-08) 
cited 1n the application 
abstract; figures 1,2,10 



1-20 



□ 



Further documents are listed in the continuation of Box C. 



ID 



See patent family annex. 



* Special categories of ciled documents : 

•A' document defining the general state of the art which i9 not 

considered to be of particular relevance 
■E" earlier document but published on or after the international 

filing date 

•L" document which may throw doubts on priority ctaim(s)or 
which Is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhlblllonor 
other means 

'P 1 document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with (he application but 
cited to understand the principle or theory underlying the 
Invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an Inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed Invention 
cannot be considered to Involve an inventive step when the 
document b combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

document member of the same patent family 



Date of the actual completion of the International search 



8 Hay 2006 



Date of mailing of the International search report 



17/05/2006 



Name and mailing address of the ISA/ 

European Patent Office. PB. 5818 Patenttean 2 

NL-2260HVRi]swljk 

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 

Fax (+31-70)340-3016 



Authorized officer 



Moers, R 



Form PCT7ISA/210 {sacond shaet) (April 2005) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International application No 

PCT/GB2006/000616 



Patent document 




Publication 




Patent family 


Publication 


rHtprl In QianrY»h ronnrt 








1 1 Isl 1 tU (71 \9t 


Ha to 

• uaie 


US 2003069588 


Al 


10-04-2003 


EP 


1302172 Al 


16-04-2003 


WO 2004107959 


A 


16-12-2004 


NONE 






US 2003160721 


Al 


28-08-2003 


US 


2003216639 Al 


20-11-2003 








US 


2001047133 Al 


29-11-2001 








us 


2002005719 Al 


17-01-2002 








us 


2002042571 Al 


11-04-2002 



US 2004068179 Al 08-04-2004 AU 2003269657 Al 23-04-2004 

WO 2004030555 Al 15-04-2004 
EP 1545366 Al 29-06-2005 



Fcim FCT/ISA/210 (paient femlJy annex) (April 2005) 



